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(57) ABSTRACT

A control apparatus and method of controlling a hybnd
vehicle are taught herein. The vehicle selectively switches
between an EV mode wherein the vehicle travels by only a
driving force produced by the motor/generator when an accel-
erator opening 1s less than or equal to an engine-stop line or a
HEYV mode wherein the vehicle travels by at least a driving
force produced by the engine the accelerator opening exceeds
the engine-stop line. A transition from the HEV mode to the
EV mode 1s executed when the accelerator opening becomes
less than or equal to the engine-stop line during the HEV
mode and a given delay time has expired. The delay time 1s set
to a shorter time as an accelerator return speed decreases.
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CONTROL APPARATUS AND METHOD FOR
CONTROLLING A HYBRID VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application Serial No. 2008-056666, filed Mar. 6, 2008,

which 1s incorporated herein 1n 1ts entirety by reference.

TECHNICAL FIELD

The present mmvention relates to controlling a hybnd
vehicle.

BACKGROUND

A known hybrid vehicle has an engine, a motor/generator)
used for driving (or propelling) the vehicle, for starting the
engine and for power generation and a clutch that 1s disposed
between the engine and the motor/generator. When such a
hybrid vehicle 1s performing regenerative braking (regenera-
tive deceleration) by means of the motor/generator, a loss of
clectric energy regeneration, which may occur due to engine
friction, can be minimized by disengaging the clutch to dis-
connect the engine from a driving power transmission and the
motor/generator, thereby ensuring an amount of electric
energy regeneration at the maximum efficiency.

Such a hybrid vehicle, which includes a clutch between an

engine and an electric motor/generator, has been disclosed 1n
Japanese Patent Provisional Publication Nos. 2004-162534

and 2006-306328. For vehicle propulsion, such hybnd
vehicles switch between operation 1n an EV mode (electric
drive), in which only the electric motor/generator 1s used as
the propelling power source, and an HEV mode (hybrid
drive), in which at least the engine 1s used as the propelling
power source.

In setting an operating range (an electric-drive operating,
range) ol the hybnid vehicle, a hysteresis for mode-switching
between the EV and HEV modes 1s provided to avoid
repeated starting and stopping of the engine resulting from
switching between the EV and HEV modes 1n response to
frequent driver accelerator operations. For instance, assum-
ing that the electric-drive operating range (the EV operating
range) 1s defined by two parameters, namely, vehicle speed
and accelerator opening, a threshold value for a transition
from the EV mode to the HEV mode is set as an engine-start
line and a threshold value for a transition from the HEV mode
to the EV mode 1s set as an engine-stop line.

BRIEF SUMMARY

Embodiments of a control apparatus and method for con-
trolling a hybrid vehicle are taught herein. The hybrid vehicle
includes an engine, a motor/generator used for vehicle pro-
pulsion and power generation, a clutch interleaved between
the engine and the motor/generator for enabling and disabling
torque transmission by engagement and disengagement of the
clutch and an acceleration demand detection device config-
ured to detect a driving force demand from a driver. One
exemplary embodiment of a control apparatus comprises a
controller configured to selectively switch between an EV
mode, 1n which the vehicle travels by only a driving force
produced by the motor/generator with the clutch disengaged
when the driving force demand 1s less than or equal to an
engine-stop criterion value, and an HEV mode, in which the
vehicle travels by at least a driving force produced by the
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engine with the clutch engaged when the driving force
demand 1s greater than the engine-stop criterion value. The
controller 1n this embodiment 1s also configured to set a delay
time based on a driving force demand change rate and to
execute a transition from the HEV mode to the EV mode
when the driving force demand becomes less than or equal to
the engine-stop criterion value during the HEV mode and
aiter the delay time has expired.

Details and wvarniations of this embodiment and other
embodiments are described 1n additional detail hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein makes reference to the accompany-
ing drawings wherein like reference numerals refer to like
parts throughout the several views, and wherein:

FIG. 1 1s a general system diagram illustrating a hybnd
vehicle with a clutch control apparatus according to embodi-
ments of the invention;

FIG. 2 1s a map used for control executed within the clutch
control apparatus of a first embodiment of the invention;

FIG. 3 1s a map used for control executed within the clutch
control apparatus of the first embodiment;

FIG. 4 1s a flowchart 1llustrating a control routine executed
using the map of FIG. 2;

FIG. 5 shows timing charts for explaining the drive control
performed by the clutch control apparatus of the first embodi-
ment,

FIG. 6 1s a map used for control executed within a clutch
control apparatus of a second embodiment of the invention;
and

FIG. 7 1s a lowchart 1llustrating a control routine executed
using the map of FIG. 6

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Regarding hybrid vehicles such as those described 1n Japa-
nese Patent Provisional Publication Nos. 2004-162534 and
2006-306328 that employ both a clutch iterleaved between
an engine and a motor/generator and a fixed ratio automatic
transmission whose number of speeds 1s limited or finite, an
engine stop and an engine start are repeatedly executed due to
release and depressing of an accelerator pedal. For example,
alter execution of an engine start due to vehicle acceleration,
the clutch 1s disengaged upon release of the accelerator pedal
to mitiate a transition to the EV mode, the operating range
enters an EV operating range, and the engine 1s stopped.
Then, the presence of a requirement for vehicle re-accelera-
tion by depressing the accelerator pedal just after the transi-
tion to the EV mode causes the engine to restart, and the
operating range reenters the HEV operating range. This
increases the fuel consumption rate due to the high respon-
stveness to acceleration demand.

Embodiments of the invention, however, improve respon-
stveness by reducing the fuel consumption rate. Hereinatter,
certain embodiments of the invention are explained 1n detail
with reference to the drawings.

As seen 1n FIG. 1, the hybnid vehicle includes an engine 1,
a motor/generator (M) 2 and a transmission 3. A first clutch
CL1 1s mterposed between engine 1 and motor/generator 2
for enabling and disabling the transmission of a driving force
and a friction from engine 1. Also provided 1s a second clutch
CL2, which 1s mterposed between motor/generator 2 and
drive road wheels 6, for controlling the driving-force trans-
mission between the motor/generator 2 and the drive wheels
6. The second clutch CL2 1s not necessarily a separately-
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included clutch. Several friction elements of a plurality of
frictional engagement elements of the transmission 3, selec-
tively engaged depending on a selected one of range gear
positions of transmission 3, preferably serve as the second
clutch CL2. Desirably, but notnecessarily, the transmission 1s
a stepped transmission 3. A battery 10 1s connected to motor/
generator 2 for the purpose of delivery and receipt of electric
power. In the presence of electric power supply from battery
10 to motor/generator 2, the motor/generator 1s usable as an
clectric motor. That 1s, drive wheels 6 are driven by the
motor/generator through transmission 3, a propeller shait 4
and a differential gear 5.

Conversely, motor/generator 2 can be rotated by the torque
transmitted from drive wheels 6 through differential gear 5,
propeller shait 4 and transmission 3 to the motor/generator 2,
and thus motor/generator 2 also serves as a dynamo-electric
generator. The generated electric power 1s stored in battery
10. That 1s, motor/generator 2 functions as a generator as well
as an electric motor.

First clutch CL1, second clutch CL2 and motor/generator 2
are controlled by a controller 9. The nput interface of con-
troller 9 1s connected to various sensors, namely, an accelera-
tion (or driving force) demand sensor 7 configured to detect
an acceleration or driving force demand, a vehicle speed
sensor 8 configured to detect traveling speed of the vehicle,
and the like. By example, and without limitation thereto, the
accelerator demand sensor 7 1s described hereinatfter as accel-
erator position sensor configured to detect an accelerator
opening APO as a measure of the desired acceleration or
driving force demand from the driver. Also provided 1s a
battery sensor 11 attached to battery 10 for measuring a state
of charge (SOC) of battery 10 (a charging capacity). The
battery sensor 11 feeds information about the measured SOC
to controller 9. Controller 9 controls, based on input signals
from these sensors, engine 1, first clutch CLL1, motor/genera-
tor 2 and second clutch CL2.

Controller 9 1s equipped with a clutch control section 94, an
MG control section (a motor/generator control section) 95, a
battery control section 9¢, an engine control section 94 and a
drive mode selection section 9e. The controller 9 1s 1mple-
mented by, for example, a conventional engine control unit
such as 1s known 1n the art. It can thus be a microcomputer
including a random access memory (RAM), a read-only
memory (ROM) and a central processing unit (CPU), along
with various mput and output connections. Generally, the
control functions described herein and associated with the
respective control sections are performed by execution by the
CPU of one or more software programs stored in ROM. Of
course, some or all of the functions can be implemented by
hardware components. Moreover, although several control
sections are shown as being part of an integrated controller 9,
the functions for the sections could be performed by a plural-
ity of logically-linked controllers.

Drive mode selection section 9e 1s configured to selectively
switch between an EV mode (an electric drive mode), 1n
which first clutch CL1 1s disengaged for disconnecting engine
1 from motor/generator (M(G) 2 and thus the vehicle travels by
only the driving force produced by motor/generator 2, and an
HEYV mode (a hybrid drive mode), in which first clutch CL1 1s
engaged for connecting engine 1 to motor/generator 2 and
thus the vehicle travels by the drniving force produced by
engine 1 and/or motor/generator 2. The controller 9 1s also
configured to control, based on vehicle speed and accelerator
opening, a shift position of transmission 3, utilizing a map
described later.

MG control section 95 1s configured to operate the motor/
generator 2 1 a power runmng mode or 1n a regenerative
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mode, depending on the set drive mode and required driving
force. Clutch control section 9a i1s configured to control
engagement and disengagement of first clutch CL1 and
engagement and disengagement of second clutch CL2,
depending on the drive mode set by the drive mode selection
section 9e. Battery control section 9c¢ 1s configured to receive
input information about the measured SOC of battery 10,
measured by battery sensor 11, and 1s also configured to
inform the drive mode selection section about whether the
measured SOC exceeds a specified charge value and should
thus be inhibited to avoid excessive regeneration.

Drive mode selection section 9e 1s further configured to
execute a transition from the HEV mode to the EV mode
when the driver-required driving force (indicated for example
by the accelerator opening APO) becomes less than or equal
to an engine-stop criterion value (the line segment, corre-
sponding to the engine-stop criterion value, 1s hereinafter
referred to as an “engine-stop line”) during the HEV mode
and after a delay time has expired. The drive mode selection
section 9e 1s also configured to set the delay time to a shorter
time as a rate of a speed of change 1n driver demand, also
called a driving force demand change rate, decreases. For
example, the delay time could be shortened as an accelerator
return speed (an absolute value of a speed of change 1n accel-
erator opening APO, |[AAPOI) decreases. Such setting/alter-
ation of the delay time may be performed by means of con-
troller 9 1tself.

FIG. 2 1s a map used for control executed within the drive
control apparatus (1.¢., controller 9) of the hybrid vehicle of a
first embodiment of the invention. As can be seen from the
map shown 1n FI1G. 2, the delay time 1s specified or defined by
both the accelerator return speed and the vehicle speed. The
delay time 1s set to decrease as the accelerator return speed
decreases. Additionally, at a low vehicle speed, the delay time
1s defined as a short delay time, specified by the line 1. At a
middle vehicle speed, the delay time 1s defined as an inter-
mediate delay time, specified by the line 2. At a high vehicle
speed, the delay time 1s defined as a long delay time, specified
by the line L3.

As seen 1 FIG. 3, a map shows the relationship between
the accelerator opening and the vehicle speed, and further
shows upshift lines. For instance, when passing through the
1—2 upshiit line, the number of upshiits 1s small (i.e., only
one upshiit), and therefore 1t 1s possible to set the delay time
to a short time, even when the accelerator return speed 1s fast.
In contrast, when upshifting from a second-speed position to
a fifth-speed position, the shifting action must be made to pass
through the 2—3 upshiit line, the 3—4 upshiit line, and the
4—35 upshift line, in that order. In such a case, three total
upshifts are necessary. Therefore, during vehicle driving at
high speeds, 1t 1s desirable to set the delay time to a longer
time. The settings of the vehicle-speed-dependent delay-time
characteristic lines L1-L.3 in the map of FIG. 2 are based on
the above-mentioned critena.

FIG. 4 1s a flowchart illustrating the control routine
executed using the map of FIG. 2. As can be seen 1n FIG. 4, at
step S11, input information about the vehicle speed and the
accelerator opening 1s read. Next, at step S12, a check for a
drive mode 1s made. When the current drive mode 1s the HEV
mode, the routine proceeds to step S13, at which a check 1s
made to determine whether the accelerator opening 1s less
than the engine-stop line (the engine-stop criterion value).
When the decision result of step S13 1s negative (NO), the
routine proceeds to step S23 at which the drive mode 1s
maintained 1n the HEV mode. One execution cycle of the
routine terminates.
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Conversely, when the decision result of step S13 1s affir-
mative (YES), meaning that the accelerator position 1s less
than or equal to the engine-stop line, the routine proceeds to
step S14. At step S14, the accelerator return speed 1s calcu-
lated and 1s stored in the memory section. Thereafter, at step
S15, a determination for an upshifting state 1s made by arith-
metic and logic operation. When the next gear stage (the next
gear position) 1s greater than the current gear stage (the cur-
rent gear position), it 1s determined that the transmission 1s in
an upshifting state. At step S16, the delay time 1s calculated or
retrieved based on both the vehicle speed and the calculated
accelerator return speed using the map of FIG. 2. Thereaftter,
at step S17, a delay timer 1s set to mitiate 1ts timer counting
operation.

At step S18, a check 1s made to determine whether the
accelerator opening 1s less than the engine-stop line. When
the decision result of step S18 1s negative (NO), the routine
proceeds to step S23 to execute mode-setting to the HEV
mode, and then one execution cycle of the routine terminates.
Conversely, when the decision result of step S18 15 aflirmative
(YES), meaning that the accelerator position is less than or
equal to the engine-stop line, the routine proceeds to step S19.
At step S19, a check 1s made to determine whether the delay
time 1s less than the timer count value. When the decision
result of step S19 1s negative (NO), the timer count value 1s
incremented (see step S20), and then the routine returns to
step S18 for rechecking and comparing the accelerator open-
ing to the engine-stop line. Conversely, when the decision
result of step S19 1s aflirmative (YES), that 1s, 1n the case of
delay time<timer count value, the routine advances to step
S21. At step S21, a check 1s made to determine whether two
conditions, namely, the first condition where the transmission
1s 1n an upshifting state, and the second condition where the
accelerator return speed 1s greater than a specified value, are
satisfied. When the decision result of step S21 1s aiffirmative
(YES), the routine returns from step S21 to step S18. Con-
versely, when the decision result of step S21 1s negative (NO),
such as when the accelerator return speed 1s less that or equal
to the specified value, the routine proceeds to step S22. At step
S22, an engine-stop process 1s executed 1n which clutch con-
trol section 9a operates to disengage first clutch CL1, and
then engine control section 94 stops the engine 1. Lastly, at
step S24, the drive mode 1s set to the EV mode. In this manner,
one execution cycle of the routine terminates.

In contrast to the above, when 1t 1s determined that the
current drive mode 1s the EV mode 1n step S12, the routine
proceeds from step S12 to step S25. At step S25, a check 1s
made to determine whether accelerator opening APO 1s
greater than an engine-start line, corresponding to an engine-
start criterion value. When the decision result of step S23 1s
negative (NO), the routine proceeds to step S28 at which the
drive mode remains in the EV mode. One execution cycle of
the routine terminates. Conversely, when the decision result
of step S25 1s aflirmative (YES), meaning that the accelerator
opening 1s greater than the engine-start line, the routine
advances to step S26, at which an engine-start process 1s
done. Responsive to the engine-start process, clutch control
section 9a operates to engage first clutch CL1, and then
engine control section 94 executes engine-start processing.
Lastly, at step S27, the drive mode 1s set to the HEV mode. In
this manner, one execution cycle of the routine terminates.

As seen 1 FIG. 5, the upper timing chart illustrates the
relationship between accelerator opening APO and time, the
intermediate timing chart 1llustrates the relationship between
vehicle speed and time, and the lower timing chart illustrates
the relationship between the drive mode and time. Regarding,
the upper chart, an engine-start line EI 1s indicated by a solid
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line, whereas an engine-stop line ES 1s indicated by a broken
line. When rapidly decreasing accelerator opening APO, the
accelerator return speed |AAPOI| becomes fast. Thus, the
given delay time 1s set to a long delay time D1. In such a case,
a time 1nterval T1, during which accelerator opening APO 1s
less than or equal to the engine-stop line ES (the engine-stop
criterion value), tends to be shorter than delay time D1.
Hence, there 1s no occurrence of a transition from the HEV
mode to the EV mode. Thus, even in a situation where the
driver’s accelerator-pedal depression and release are repeat-
edly executed, or even 1n a situation where the accelerator
pedal has been rapidly released for a rapid deceleration and
thereatter the driver’s accelerator-pedal depression 1s antici-
pated due to a requirement for vehicle re-acceleration, it 1s
possible to suppress an engine stop and a subsequent engine
start from being repeatedly executed due to switching
between the two different drive modes.

Next, when moderately decreasing accelerator opening
APQO, the accelerator return speed |[AAPOI becomes slow.
Thus, the given delay time 1s set to a short delay time D2. In
such a case, a time interval 12, during which accelerator
opening APO 1s less than or equal to the engine-stop line ES
(the engine-stop criterion value), tends to be longer than delay
time D2. Hence, there 1s a transition from the HEV mode to
the EV mode. Thus, when the accelerator pedal has been
released with a stable driver’s accelerator-pedal operation,
the control apparatus of the embodiment permits transition to
the EV mode. As discussed above, it 1s possible to lengthen
both the travel distance and traveling time during which the
vehicle 1s traveling at the EV mode by changing the delay
time depending on the accelerator return speed |IAAPOI. This
contributes to the improved fuel economy. For the sake of
simplicity of the disclosure and drawings, only a single-step
change 1n the delay time with respect to accelerator return
speed |AAPOI 1s exemplified. In lieu thereot, the delay time
may be changed 1n a linear fashion depending on the accel-
erator return speed |AAPOI. For the purpose of simplifying
the drive control, a plurality of steps for delay-time changes
are provided, and thus the delay time may be changed 1n a
stepwise mannetr.

In the drive control apparatus (i.e., controller 9) of the
second embodiment, the hybrid vehicle as shown i FIG. 1
uses the map shown in FIG. 6 for control. As can be seen from
FIG. 6, the map 1s a characteristic map that 1s configured to set
the delay time to along delay time when the accelerator return
speed IAAPOI exceeds a specified value R1. As shown in FIG.
6, when the accelerator return speed IAAPOI 1s less than or
equal to the specified value R1, the previously-described line
L1, which 1s suited for low vehicle speeds, 1s used, such that
the delay time 1s set to a short delay time. Conversely, when
the accelerator return speed IAAPO| exceeds the specified
value R1, and, furthermore, the transmaission 1s 1n an upshift-
ing state, a line 11 1s used to set the delay time to a constant
delay time that 1s longer than the short delay time specified by
the line L1. In this manner, the delay time 1s vanably set
depending on the accelerator return speed. Hence, 1t 1s pos-
sible to suppress a transition of the drive mode from occurring,
during an upshaifit.

FIG. 7 1s the flowchart illustrating the control routine
executed using the map of FIG. 6. For the purpose of simpli-
fication of the disclosure, only the steps of the control routine
of FIG. 7 differing from the control routine of FIG. 4 are
hereunder described in detail. Note that at step S16 of FI1G. 7,
the map of FIG. 6 1s used. Additionally, 1n the routine of FIG.
7, the processing executed at step S21 of the routine of FI1G. 4
1s not made. As can be appreciated, 1t 1s possible to set the
delay time more suitably depending on various situations by
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utilizing the different map of FIG. 6 instead of using the map
of FIG. 2. Hence, 1t 1s possible to effectively suppress a
transition of the drive mode to occur during an upshaiit.
While the foregoing 1s a description of certain embodi-
ments of the invention, functions and steps, may be rear-
ranged logically without contlict. Also, a plurality of means
and steps may be combined with each other or separated from
cach other.
That 1s, the above described embodiments have been
described 1n order to allow easy understanding of the present
invention, and do not limit the present mvention. On the
contrary, the invention 1s intended to cover various modifica-
tions and equivalent arrangements included within the scope
of the appended claims, which scope 1s to be accorded the
broadest interpretation so as to encompass all such modifica-
tions and equivalent structures as 1s permitted under the law.
What 1s claimed 1s:
1. A control apparatus of a hybrid vehicle including an
engine, a motor/generator used for vehicle propulsion and
power generation, a clutch interleaved between the engine
and the motor/generator for enabling and disabling torque
transmission by engagement and disengagement of the clutch
and an acceleration demand detection device configured to
detect a driving force demand from a driver, the control appa-
ratus comprising:
a controller configured to:
selectively switch between an EV mode, in which the
vehicle travels by only a driving force produced by the
motor/generator with the clutch disengaged when the
driving force demand 1s less than or equal to an engine-
stop criterion value, and an HEV mode, 1n which the
vehicle travels by at least a driving force produced by the
engine with the clutch engaged when the driving force
demand 1s greater than the engine-stop criterion value;

set a delay time at a time when the driving force demand
becomes less than or equal to the engine-stop criterion
value during the HEV mode, wherein the delay time 1s
variable and set based at least 1n part on a change rate of
the driving force demand at the time when the driving
force demand becomes less than or equal to the engine-
stop criterion, such that the delay time takes a lower
value for lower driving force demand change rates; and

execute a transition from the HEV mode to the EV mode 1t
the driving force demand 1s less than or equal to the
engine-stop criterion value during the HEV mode and
alter the delay time has expired.

2. The control apparatus according to claim 1, wherein:

the controller 1s further configured to receive a vehicle

speed signal indicating the vehicle speed of the hybnd
vehicle and determine the delay time utilizing a map
based on the vehicle speed and the driving force change
rate.

3. The control apparatus according to claim 2, wherein:

the delay time takes a lower value when the vehicle speed

1s low.

4. The control apparatus according to claim 1, wherein the
hybrid vehicle turther includes a transmission interleaved
between the motor/generator and drive road wheels; and
wherein:

the controller 1s further configured to delay the transition to

the EV mode from the HEV mode during an upshiit
process of the transmission that continues after the driv-
ing force demand change rate becomes greater than or
equal to a specified rate value at a time that the driving
force demand passes through the engine-stop criterion
value, until the delay time has expired and the upshiit
process 1s complete.
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5. The control apparatus according to claim 1, wherein the
hybrid vehicle further includes a transmission interleaved
between the motor/generator and drive road wheels; and
wherein:
the controller 1s turther configured to set the delay time to
a longer time when an upshift of the transmission con-
tinues after the dniving force demand change rate
becomes greater than or equal to a specified value at a
time that the driving force demand passes through the
engine-stop criterion value.
6. The control apparatus according to claim 1, wherein:
the acceleration demand detection device comprises an
accelerator opening position sensor configured to detect
an accelerator opening as the driving force demand; and

the driving force demand change rate 1s an accelerator-
pedal return speed detected by the accelerator opening
SeNsor.
7. A method of controlling a hybrid vehicle including an
engine, a motor/generator used for vehicle propulsion and
power generation, a clutch interleaved between the engine
and the motor/generator for enabling and disabling torque
transmission by engagement and disengagement of the clutch
and an acceleration demand detection device configured to
detect a driving force demand from a driver, the method
comprising;
selectively switching between an EV mode, in which the
vehicle travels by only a driving force produced by the
motor/generator with the clutch disengaged when the
driving force demand 1s less than or equal to an engine-
stop criterion value, and an HEV mode, in which the
vehicle travels by at least a driving force produced by the
engine with the clutch engaged when the driving force
demand 1s greater than the engine-stop criterion value;

setting a delay time at a time when the driving force
demand becomes less than or equal to the engine-stop
criterion value during the HEV mode, wherein the delay
time 1s variable and set based at least in part on a change
rate of the driving force demand at the time when the
driving force demand becomes less than or equal to the
engine-stop criterion, such that the delay time takes a
lower value for lower dnving force demand change
rates; and

executing a transition from the HEV mode to the EV mode

when the driving force demand becomes less than or
equal to the engine-stop criterion value during the HEV
mode and after the delay time has expired.

8. The method according to claim 7, further comprising:

recerving a vehicle speed signal indicating the vehicle

speed of the hybnid vehicle; and

determining the delay time utilizing a map based on the

vehicle speed and the driving force change rate.

9. The method according to claim 8 wherein:

the delay time takes a lower value when the vehicle speed

1s low.

10. The method according to claim 7 wherein the hybnd
vehicle further includes a transmission interleaved between
the motor/generator and drive road wheels, the method fur-
ther comprising:

delaying the transition to the EV mode from the HEV mode

during an upshift process of the transmission that con-
tinues after the drniving force demand change rate
becomes greater than or equal to a specified rate value at
a time that the driving force demand passes through the
engine-stop criterion value, until the delay time has
expired and the upshiit process 1s complete.
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11. The method according to claim 7 wherein the hybrid
vehicle further includes a transmission, the method further
comprising;

setting the delay time to a longer time when an upshiit of

the transmission continues after the driving force
demand rate becomes greater than or equal to a specified
value at a time that the driving force demand passes
through the engine-stop criterion value.

12. The control method according to claim 7 wherein the
acceleration demand detection device comprises an accelera-
tor opening position sensor configured to detect an accelera-
tor opening as the driving force demand, the method further
comprising:

calculating the driving force demand change rate as an

absolute value of a speed of change 1n the accelerator
opening.

13. A control apparatus of a hybrid vehicle including an
engine, a motor/generator used for vehicle propulsion and
power generation, a clutch interleaved between the engine
and the motor/generator for enabling and disabling torque
transmission by engagement and disengagement of the clutch
and an acceleration demand detection device configured to
detect a driving force demand from a driver, the control appa-
ratus comprising:

means for selectively switching between an EV mode, 1n

which the vehicle travels by only a driving force pro-
duced by the motor/generator with the clutch disen-
gaged when the driving force demand 1s less than or
equal to an engine-stop criterion value, and an HEV
mode, 1n which the vehicle travels by at least a driving
force produced by the engine with the clutch engaged
when the driving force demand 1s greater than the
engine-stop criterion value;

means for setting a delay time at a time, when the driving

force demand becomes less than or equal to the engine-
stop criterion value during the HEV mode, wherein the
delay time 1s variable and set based at least in part on a
change rate of the driving force demand at the time when
the driving force demand becomes less than or equal to
the engine-stop criterion, such that the delay time takes
a lower value for lower driving force demand change
rates; and
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means for executing a transition from the HEV mode to the

EV mode when the driving force demand becomes less
than or equal to the engine-stop criterion value during
the HEV mode and after the delay time has expired.

14. The control apparatus according to claim 13, further
comprising;

means for receiving a vehicle speed signal indicating the

vehicle speed of the hybrid vehicle; and

means for determining the delay time utilizing a map based

on the vehicle speed and the driving force change rate.

15. The control apparatus according to claim 14 wherein:

the delay time takes a lower value when the vehicle speed

1s low.

16. The control apparatus according to claam 13 wherein
the hybnid vehicle further includes a transmission interleaved
between the motor/generator and drive road wheels, the appa-
ratus further comprising:

means for delaying the transition to the EV mode from the

HEYV mode during an upshiit process of the transmission
that continues after the driving force demand change rate
becomes greater than or equal to a specified rate value at
a time that the driving force demand passes through the
engine-stop criterion value, until the delay time has
expired and the upshiit process 1s complete.

17. The control apparatus according to claim 13 wherein
the hybrid vehicle further includes a transmission, the appa-
ratus further comprising:

means for setting the delay time to a longer time when an

upshift of the transmission continues after the driving
force demand rate becomes greater than or equal to a
specified value at a time that the driving force demand
passes through the engine-stop criterion value.

18. The control apparatus according to claim 13 wherein
the acceleration demand detection device comprises an accel-
erator opening position sensor configured to detect an accel-
erator opening as the driving force demand, the apparatus
turther comprising:

means for calculating the driving force demand change rate

as an absolute value of a speed of change 1n the accel-
erator opening.
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